To characterize the impact of pregabalin on sleep in patients with generalized anxiety disorder (GAD) and to determine whether the impact is a direct or an indirect effect, mediated through the reduction of anxiety symptoms.
Introduction
Insomnia is one of the six core hyperarousal symptoms that characterize generalized anxiety disorder (GAD) according to the Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition, Text Revision; DSM IV-TR) criteria. More than two-thirds of patients suffer from one or more forms of sleep disturbances [1] [2] [3] ; even higher rates have been reported in the elderly (aged > 65 years) 4 . Polysomnography studies in patients with GAD have revealed sleep abnormalities including problems with sleep latency, early morning insomnia, decrease in total sleep time, and sleep architecture 5, 6 .
Epidemiological surveys in primary care have further highlighted that alongside pain, sleep disturbances are the most frequent presenting complaints of patients with GAD and have a strong negative impact on anxiety symptoms and patient functioning 7, 8 .
Different classes of agents used for the treatment of GAD have different effects on sleep. While benzodiazepines appear to improve measures of sleep onset and/or sleep maintenance 9 , selective serotonin reuptake inhibitors (SSRIs) tend to have a disruptive effect on sleep. In healthy volunteers, SSRIs, such as paroxetine and fluvoxamine, reduce sleep efficiency and increase the number of awakenings and sleep onset latency 10 . SSRIs have also been reported to reduce the latency and duration of rapid eye movement sleep 11 . There are strong indications that SSRIs might also have sleep-disrupting effects in patients with GAD. It is well established that insomnia is reported as an adverse event with many SSRIs -across anxiety and depression indications, insomnia rates are 9-28% [12] [13] [14] [15] . Insomnia rates reported with the serotoninnorepinephrine reuptake inhibitors (SNRIs) duloxetine and venlafaxine appear to be similar to those reported for SSRIs 16, 17 .
Pregabalin, a ligand for the α2δ subunit of voltage-gated calcium channels, has been shown to effectively reduce the symptoms of GAD [18] [19] [20] . It has also demonstrated substantial beneficial effects on sleep. In healthy volunteers, it increases slow-wave sleep as a proportion of both the total sleep period and the duration of stage 4 sleep, and reduces the number of awakenings of more than 1 minute in duration 21 .
A recent trial of pregabalin in GAD 22 included subjective assessment of sleep using the Medical Outcomes Study Sleep Scale (MOS-SS). In this study, we fully describe the effects of pregabalin on sleep and further characterize the beneficial effects of pregabalin on frequency and intensity of sleep disturbances in GAD. Using a statistical mediation model, we further sought to ascertain the extent to which pregabalin's effect on sleep disturbance is attributable to a direct effect of the drug, as well as an indirect effect mediated through anxiety symptoms.
Methods
Data were obtained from a randomized, double-blind, flexible-dose, parallel-group, placebo-and active-controlled study in 394 patients with GAD. The primary endpoint in the study was anxiety symptom change, measured by Hamilton Anxiety Rating Scale (HAM-A) total score, from baseline to the last post-randomization visit prior to dose tapering. The full methodology and results of this trial have been described elsewhere 22 . Briefly, patients were randomized to 8 weeks of flexible-dose treatment with pregabalin (300-600 mg/day), venlafaxine XR (75-225 mg/day) or placebo. Study participants were male (147/374) and female (227/374) adult outpatients, aged 18-65 years, meeting DSM IV-TR criteria for GAD. Further inclusion requirements were a HAM-A total score of ≥ 20 and a score of ≥ 10 on both psychic and somatic subscales of HAM-A at screening and baseline visits. Patients with mild depression (Hamilton Depression Rating Scale score of ≤ 14) were allowed to participate in the trial.
This study was conducted in compliance with the ethical principles originating in or derived from the Declaration of Helsinki and in compliance with all International Conference on Harmonization (ICH) Good Clinical Practice (GCP) Guidelines. In addition, all local regulatory requirements were followed, in particular, those affording greater protection to the safety of trial participants. The final protocol, any amendments and informed consent documentation were reviewed and approved by the Institutional Review Board(s) (IRB) and/or Independent Ethics Committee(s) (IEC) at each of the investigational centers participating in the study. The investigators explained the nature, purpose, and risks of the study to each subject, including information regarding probability of receiving a placebo treatment in the study. Each subject was informed that he/she could withdraw from the study at any time and for any reason. Each subject was given sufficient time to consider the implications of the study before deciding whether to participate. Written informed consent was obtained prior to the subject entering the study (before initiation of protocol-specified procedures).
All antidepressant, anxiolytic, antipsychotic, sedative/hypnotic or psycho-active therapy was terminated at least 2 weeks (5 weeks for fluoxetine) prior to the baseline visit. If medication was required for the treatment of insomnia during the 1-week wash-out, zopiclone (3.75 mg/night) or zolpidem (5 mg/night) could be taken intermittently as needed on two or fewer nights until 3 days before baseline. Prior to start of study treatment, zolpidem was taken by 8 subjects in the pregabalin arm, 6 in the venlafaxine arm and 5 in the placebo arm. Corresponding figures for zopiclone were 8, 7 and 5, respectively. All such medication was prohibited throughout the study.
The subjective assessment of sleep outcomes was evaluated using the MOS-SS, a patient-reported sleep measure that has been shown to be reliable and valid with good overall measurement properties 23 , including in patients with GAD 24 . MOS-SS consists of 12 items that assess the key constructs of sleep 25 . According to the developer's scoring algorithm (Table 1) , MOS-SS scoring yields seven subscales: sleep disturbance (4 items), snoring (1 item), awaken short of breath or with headache (1 item), quantity of sleep (1 item), optimal sleep (1 item), sleep adequacy (2 items), and somnolence (3 items) 25 . Optimal sleep is a dichotomous variable coded as 1 if the patient reported 7 or 8 hours of sleep per night on the quantity of sleep 1-item subscale or 0 if otherwise. Quantity of sleep score relates to the average number of hours slept (0-24). The other five subscales are transformed linearly to a 0-100 scale with higher scores representing more of the sleep concept being measured. In addition, sleep index measures may also be constructed to provide composite scores. The scoring of the MOS-SS in our study follows its standard algorithm, which (along with the scale itself) is available online at http://www.rand.org/health/surveys_tools/m os/mos_sleep.html.
The MOS-SS was administered at baseline, week 4 and week 8 during the trial. At each administration, the recall period was the previous 4 weeks.
In the results reported here, attention is directed predominantly to the sleep disturbance subscale. The items in this scale (trouble falling asleep, time to fall asleep, restlessness, and awaken during sleep) are closely related to typical problems experienced by patients with GAD. The broader 9-item MOS-SS Sleep Problems Index II was also examined to capture a range of sleep issues.
Statistical analysis
All randomized patients with at least one post-baseline assessment were included in the analysis. MOS-SS score changes from baseline to week 4 and week 8 were tested for statistical significance using an analysis of covariance model with main effects of treatment, study center, and baseline score as covariates. Treatment comparisons versus placebo were performed using Dunnett's test.
To characterize the direct and indirect effects of pregabalin and venlafaxine XR treatments on sleep disturbance -the primary aim of this post-hoc analysis-a statistical mediation model was used. Mediation models can be employed to characterize the relationship between an independent variable and a dependent variable through the introduction of one or more mediator variables 26, 27 . In our model, we analyzed the effects of pregabalin and venlaflaxine XR (independent variables) on sleep disturbance (dependent A set of multivariate regression equations were simultaneously fit using full information maximum likelihood to the average of HAM-A total score and MOS-SS sleep disturbance subscale data using PROC MODEL in SAS (SAS Institute Inc, Cary, NC, USA, 2000). Data for all participants were averaged; therefore, every participant with at least one post-baseline data point was included in the modeling. The direct and indirect effects on sleep disturbance were estimated as the percentage of total effect that was explained by the path, identified as paths A, B and C in Figure 1 (paths for venlafaxine XR not shown). Estimates were tested for statistical significance at a nominal alpha level of 0.05.
To assess the sensitivity of the results relative to missing data, we applied the same mediation model separately to only week 4 data, to only week 8 data, and to week 8 data using last observation carried forward.
All analyses were conducted using SAS version 8.2 (SAS Institute, 2000).
Results
A total of 374 subjects were randomized to pregabalin (n = 121), venlafaxine XR (n = 125) or placebo (n = 128) groups. Of these, 71% completed the study; fewer venlafaxine XR-treated patients completed the study (67.2%) compared with pregabalin-or placebo-treated patients (72.7% in each group). Patients were predominantly fe- (Table 2) .
Pregabalin showed significant efficacy in reducing scores on the sleep disturbance subscale of MOS-SS at both week 4 and week 8 compared with placebo (p < 0.05). Treatment with pregabalin also resulted in significant improvement in awaken short of PREGABALIN REDUCES SLEEP DISTURBANCE IN PATIENTS WITH GENERALIZED... 23 Table 3 ). There was a trend towards a detrimental effect of venlafaxine XR on most sleep measures (Table 3 ). There were no significant differences in the mean change from baseline to weeks 4 and 8 among the three treatment groups for the MOS-SS subscale scores for snoring, quantity of sleep and somnolence.
The mediation model results indicated that 53% of the total effect on sleep disturbance due to pregabalin treatment (over placebo) was a direct effect (p = 0.0072), denoted as path A in Figure 1 . The indirect effect, mediated through anxiety symptoms, was estimated as 47% (p = 0.015), path B*C in Figure 1 . As patients treated with venlafaxine XR experienced more sleep problems compared with those on placebo, partitioning the total effect into direct and indirect effect resulted in heterogeneous, non-significant effects that could not be interpreted meaningfully.
Discussion
Results of this study show that pregabalin improves sleep, as the result of two effects that could be indicative of a dual mechanism: a direct treatment effect and an indirect effect via its anxiolytic action. The direct effect of pregabalin on improving sleep is an important finding, given that sleep disturbances are core complaints in patients suffering from GAD 1-3 and because of the potential detrimental impact on sleep of many currently available agents [12] [13] [14] [15] [16] [17] .
Current data on the impact of anxiolytic drugs on sleep in patients with GAD are limited. Several polysomnography studies have identified negative effects of SSRI/SNRIs, and while benzodiazepines may have sleep benefits their long-term use is not recommended due to dependence potential, and next-day "hangover" effects 28 . Although SSRI/SNRIs have shown significant effica- Table 3 Change in MOS-SS subscale scores from baseline to week 4 and week 8 (least squares mean scores at baseline and changes from baseline with standard error of change from baseline (except for optimal sleep scores which are proportions) cy in reducing depression and anxiety symptoms, clinical outcomes are likely to be suboptimal for many patients with sleep disturbances 29 . Clinical management of patients should focus on the comprehensive treatment of all anxiety-related symptoms.
Several studies have sought to determine the directional relationship between GAD and insomnia; however, as yet, it is not entirely clear whether GAD predisposes people to develop insomnia or vice versa, or whether it is a bidirectional relationship. The emerging trend appears to indicate that the directionality of association is from anxiety to insomnia [30] [31] [32] . What is clear, however, is that patients with GAD are at increased risk of developing sleep-related problems and that patients with chronic insomnia are at increased risk of developing GAD 4, 33 . Mean baseline scores on MOS-SS subscales from our study were consistent with past reports of sleep impairment in GAD. For example, mean baseline sleep disturbance scores ranged from 51.5-56.0 in this study compared with a considerably lower mean score of 24.5 in a survey of the general population 23 . Also in the same survey, mean sleep adequacy was 60.5, whereas a lower mean score of 34.8 was obtained at baseline across the three groups in this study 23 .
Patients treated with pregabalin showed a significant decrease in MOS-SS sleep disturbance (relating to sleep onset and maintenance) and Sleep Problem Index II subscale scores. The magnitude of change on the sleep disturbance score from baseline to week 4 (-24.36) and from baseline to week 8 (-25.05) was higher than the estimated threshold value for a clinically important difference of 7.6 24 . This shows that improvements are not only statistically significant but are also substantial and thus most likely clinically meaningful.
In our mediation model, we hypothesized that part of the total effect of pregabalin on sleep disturbance is the direct result of treatment itself, not mediated through anxiety symptoms. Readers should interpret the direct effect of treatment as that due to any factor or factors not studied as a mediator in the model. Results showed that the total effect of pregabalin on sleep disturbance can be partitioned into a direct effect (53%, including factors not accounted for in the mediation model) and an indirect effect mediated through improvement in anxiety symptoms (47%). Both effects were statistically significant. In contrast, venlafaxine XR did not appear to have a favorable impact on sleep.
Compared with the main analysis, which averaged available measurements on each subject across the entire study, sensitivity analyses at week 4 only, week 8 only, and week 8 using last observation carried forward revealed a consistent pattern of main findings. For example, the direct effect of pregabalin on sleep disturbance continues to be about 50% or more, and conversely the indirect effect through anxiety symptoms was about 50% or less, while these corresponding effects from venlafaxine XR were not present.
Our analysis has several potential limitations. The mediation model is a post-hoc analysis of a secondary endpoint and the sample size was not based on effect sizes observed for the sleep disturbance endpoint. One of the inclusion criteria for the study was that patients must score ≥ 10 on both psychic and somatic HAM-A subscales. This could have resulted in a study population different from that studied in other clinical trials. Although we included patients with mild depressive symptoms, we excluded those with a current or within the past 6 months diagnosis of major depressive disorder. This and the exclusion of patients with other comorbid disorders could limit the generalizability of our results to the clinical GAD population, given the high frequency of co-morbid conditions typically associated with GAD in clinical practice 34 .
Conclusions
Our study further characterized the beneficial effect of the α2δ ligand pregabalin in reducing sleep disturbances in patients with GAD. The analysis revealed that the total treatment effect on sleep consisted of both direct and indirect (mediated via anxiety symptoms) components, of which the former appeared to be slightly more important.
